In order to reduce the nonlinear error, a new method of nonlinear error correction in a wide frequency range is presented. In this method, firstly, the frequency of the measurement signal is divided into three bands. In each frequency band, linear fitting is used to pretreat the difference between the measured value and the output value of the standard source, and then the pretreatment is calibrated by using least square method in the whole frequency range .The correction results show that when the measured signal frequency is changed between 50Hz and 30kHz. After the frequency correction, the linearity of the measurement can reach 0.018%. The correction effect of this method is better than the traditional least square method and the measurement accuracy of the broad band signal is improved.
Introduction
With the development of the power electronics and electrified railway, improvement of aviation metrology requirements, the application of high power frequency conversion speeder, etc , the frequency band of the precision test signal is becoming wider and wider, so it is very important to measure the wide bandwidth accurately. As the base of alternating current power measurement , the effective value of AC voltage can usually be characterized by using thermoelectric meter and arithmetic meter. Although the precision of the thermoelectric conversion is high and the bandwidth is wide, this method is very sensitive to the temperature of the environment .Besides, the complexity and the poor user-friendliness in the operation limit its widespread use. Considering the accuracy, stability, frequency band-width, linearity, manufacturing costs, etc, log-antilog arithmetic circuit is usually used to realize the AC-DC true effective value conversion. In the measurements of broadband AC signals, due to the influence of distributing parameters on the input circuit, the attenuation coefficient varies with frequency, the limited of amplifier bandwidth and open loop gain, operation resistance distribution capacitance and the influence of the natural characteristic of log -antilog operation circuit natural characteristic ,the output linearity of the log-antilog operation formula AC and DC converter varies with frequency. In order to improve the measurement accuracy of broadband signals, the output of the converter must be calibrated by the frequency nonlinear error correction [1] .
For the measurement of single frequency AC signal, there are many nonlinear error calibration methods, such as parabola fitting method, piecewise broken line method, neural network method [2] , improved genetic algorithm [3] , support vector machine method [4] ,etc. and the result is good. For wideband signal measurement, although the precision of the method proposed in the paper [5] can reach 0.06% in the wide frequency range from 50Hz to 30kHz, it still can not meet the requirement of the measurement accuracy of wide band signal. In order to further improve the measurement accuracy, a new method combining the fitting frequency segment line and the least square method is presented, which reduces the nonlinear measurement.
The Basic Principle of Error Correction for Wideband Converter
The nonlinear error of the logarithmic-antilogarithmic AC-DC converter mainly includes the component natural characteristic error and the circuit design conversion principle error, and the frequency correction must be carried out to improve the measurement accuracy of the wide band signal. The experimental results show that the nonlinear error caused by the frequency variation is significantly increased when the measured frequency bands becomes wider. In this paper ,the correction process consists of two parts. The first part is precorrection which is based on the measured results to preliminary decreases nonlinear error. The second part is using the least square method [6] [7] to calibrate the nonlinear error on the precorrected results within the measurement the range broadband signal. The calibration principle block diagram is shown in Figure 1 , where x is the input signal, f is the signal frequency, is the output of RMS converter, y  is the difference between the output value of standard source and the measured value, ' y is the precorrected result, andŷ is the final corrected output value. 
In real application , () fxin the above Eq. (1) is an unknown nonlinear function, and certain nonlinear errors exist in the conversion results. In order to reduce the gain error and nonlinear error of the AC-DC converter, the output y of the converter can be corrected through a correction link, and the corrected output value can be closer to the input value. The correction link is composed of two parts, the frequency precorrection and the further correction. In Fig.1, ' y is a function of y , y ,and f .The output expression of the frequency precorrection is the formula (2),ŷ is a function of ' y , x and f where the corrected output expression is shown in Eq. (3) .
The principle of the frequency of precorrection
In the test of AC parameters, the frequency band of the measured signal is wide. In order to improve the quality of nonlinear correction, the measurement frequency band is divided into three bands. Three steps are taken in the precorrection. Firstly, the function ( , ) ip R y f  is obtained by using piecewise line fitting of y  with the change of f .Then the function ( , ) G y f is obtained by using the least square method to fit y with f . At last, the two fitting results are added together to get the precorrection function ( , , )
The detailed correction method is as fellows: We assume that the frequency range of the measured signal is from 1 f to m f and its amplitude range is from 0 x to x n . The frequency of measured signal is divided into three bands: 11 j ff , 12
ff .And then , linear fitting is performed in each frequency band .When the input signal is i x ,the precorrection function is:
In Eq. (4) , ( , ) i G y f is the output value of the polynomial by using the least square method when the input is 
In Eq. (5), ( 
In Eq.(6), ip k is a linear fitting term coefficient, ip b is a constant and p is the serial number of the bands. In the three bands, t frequency points are selected as the frequency correction reference points. The coefficient of the linear fitting function in the first band is:
The linear fitting expression in the first band is then:
When the input voltage is i x , the precorrection function is:
According to Eqs. (5), (7)and (9), error precorrection can be realized. And then the final frequency correction can be obtained by using the least squares method.
Further correction principle
Because only the nonlinear error caused by frequency band broadening is corrected in the the precorrection, and the input voltage across the range remains uncorrected, the precorrection can not meet the requirements of the measurement accuracy of wide band signal. Therefore, further correction should be carried on the precorrection result. In further correction , the results of the precorrection are fitted by using the least square method to reduce the error. The detailed steps are: firstly, m frequency correction reference points labeled as 12 , ..... 
When the voltage and frequency are changed, the correction output value is: 
Similarly, 80 ( , ) G y f and 150 ( , ) G y f can also be deduced from Table 1 .
The correction band 50Hz~30kHz is divided into three frequency subands:50Hz~9kHz,9KHz~17kHz and 17kHz~30kHz. According to Eq.(7) ,the fitted linear coefficients can be obtained.
When the input value are 1V, 80V and 150V, the precorrection output are:
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The frequency precorrection is actually the preprocessing for the experimen tal data. The least square method is used for the further frequency error correctio n, Therefore, by putting the frequencies of 1500Hz, 14kHz, 30kHz into Eqs. (14), (15) When the input frequency is 1500Hz , the fitting quadratic trinomial coefficients are b 0 (1500),b 1 (1500) and b 2 (1500); when the input frequency is 14kHz, the fitting quadratic trinomial coefficients are b 0 (14k),b 1 (14k) and b 2 (14k);when the input frequency is 30kH, the fitting quadratic trinomial coefficients are b 0 (30k), b 1 (30k) and b 2 (30k). From Table 2 , quadratic trinomial coefficients of corrected frequency reference point at the 15000Hz, 14kHz, 30kHz can be fitted, and the resulted are listed in Tab. 3 . Then taking {b 0 (1500), b 0 (14k), b 0 (30k)}, {b 1 (1500), b 1 (14k), b 1 (30k)}, and {b 3 (1500), b 3 (14k), b 3 (30k)} as the reference points, setting the frequency as the variable, each coefficient of the quadratic trinomial is fitting by the least-square method respectively, and the results are: 
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Assume that the calibration for the final output result isŷ ,then: Table 4 .
In order to verify the validity of the method, the measurement data at 16 frequency points are selected in the 50Hz~30kHz wide band range. The error curve of the converter before and after the correction are plotted in Fig. 2 and Fig. 3 respectively. Error calibration accuracy is better than 0.018% . The correction method is obviously better than the traditional least square method, which improves the accuracy of the broadband signal measurement. 
Conclusion
In this paper, a novel method for frequency nonlinear error correction in wide frequency range is presented. This method combines the piecewise linear fitting method and the least square method, which can realize the nonlinear error calibration in the wide frequency band from 50Hz to 30kHz wide band. The results show that the nonlinear error is reduced from 0.5% to 0.018%. The new method greatly reduces the frequency nonlinearity error and improves the accuracy of the wideband signal measurement. The method is also suitable for the nonlinear error correction of other similar systems, and it has a certain reference value.
